38). C. jejuni flagella probably consist of both FlaA and FlaB flagellin monomers, but FlaA seems to predominate (16, 38) . Mutational analysis of C. coli has indicated that the presence of both flagellin types confers maximum motility on the bacterium, since mutants lacking either FlaA or FlaB are less motile than the parental strain, which produces both flagellins (16, 17) . It has also been reported that at least some strains of C. jejuni and C. coli can undergo a flagellar phase variation, in which motility can be turned on and off (17, 38) . The precise mechanism behind this variation is unknown, but some data suggest that it may involve the turning on or off of the expression of the flaA gene (38) .
These studies have demonstrated that there is complex regulation of flagellin gene expression and assembly of the flagellin subunits into flagella in Campylobacter strains. This is not, however, unusual in the bacterial world. Several species, including Salmonella typhimurinum, Caulobacter crescentus, and Rhizobium meliloti, have more than one flagellin type (33, 42, 52) . In S. typhimunium the two flagellin genes are alternately expressed in a well-studied example of phase variation, whereas in Caulobacter crescentus and R meliloti a single flagellum contains each flagellin type (33, 42, 52) .
In this paper we describe experiments that begin the characterization of a C. jejuni gene which is a member of the recently discovered IcrDIflbF family of genes. These genes encode proteins that share a significant amount of amino acid sequence homology, particularly in their amino-terminal half (13) . The proteins in this family include LcrD of Yersinia pestis, MxiA of Shigella flexneri, and InvA of S. typhimunium. These proteins appear to be involved in the regulation or secretion of some virulence-related proteins, which play important roles in the ability of the pathogen to be invasive (2, 13, 41) . Contrasted to these proteins is the FlbF protein from Caulobacter crescentus. FlbF plays a role in either the regulation of flagellar gene expression, the secretion of flagellin, or the assembly of flagella (44, 48) . All of the proteins appear to be integral cytoplasmic membrane proteins, with roles in the regulation or secretion of surface or extracellular proteins. However, the precise molecular function of any of these proteins is unclear.
Since C. jejuni is highly motile and is also an enteric pathogen with some invasive capabilities, we decided to initiate a study of a C. jejuni LcrD/FlbF homolog, FlbA.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. C. jejuni 81-176 has been described previously (4, 24) . Escherichia coli DHSoLMCR was obtained from GIBCO/BRL, Gaithersburg, LcrD/FlbF HOMOLOG IN C. JEJUNI 2931 Md. Plasmid pBluescript IISK-was obtained from Stratagene, La Jolla, Calif. Plasmids pSM31 and pSM31kmt were derived during the course of this work. pSM31 consists of an intact flbA gene from C. jejuni 81-176 inserted into pBluescript. pSM31kmt is a suicide shuttle vector derived from pSM31 and pILL550. Plasmids pILL550 and pRK212.1, used to shuttle cloned DNA between E. coli and C. jejuni, have been described previously (11, 27) . C. jejuni 81-176 was grown on brucella agar (BA) or BA supplemented with cephalothin, vancomycin, and trimethoprim (BA-CVT) at 15, 10, and 5 ,ug/ml, respectively, as described by Pickett et al. (40) . E. coli was grown in L medium and, when necessary, supplemented with ampicillin (100 p,g/ml) or kanamycin sulfate (50 .g/ml) (37 (25) . The carboxy-terminal region of the predicted protein was not as hydrophobic as the aminoterminal region, which is typical for the members of this protein family (13, 41) . The amino acid sequence of the 2.175-kb ORF was compared with the predicted amino acid sequences of three other members of the LcrD/FlbF family (Fig. 3) (17, 19, 38 Fig. 4A . The results for the other four mutants were identical and are not shown here. The flagellin band, with an apparent molecular weight of about 62,000, was not present in the mutant (Fig. 4A, lane 2) In particular, the region between amino acids 398 and 536 of FlbA, which encompasses a portion of the protein where the sequence homologies are low relative to the amino-terminal and carboxy-terminal regions, is considerably more homologous to FlbF (41% identical amino acids, 69% identical and conserved amino acids) than to the homologs that are involved in the regulation and secretion of virulence proteins (19% identity and 49% similarity to LcrD). FlbF plays an as yet undefined role in either the regulation of the expression of flagella or in the secretion of flagellin in Caulobacter crescentus (44, 48) . Mutations inflbF lead to the loss of expression of several flagellum-related genes, but it is not clear whether this effect is direct or indirect. Recent studies of the regulation of flagellar construction in S. typhimurium indicate that expression of the flagellin genes may be coupled to flagellar assembly (14) . For example, mutations in genes that encode proteins in the flagellar basal body or the switch complex lead indirectly to the repression of the flagellin genes.
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The promoter structures of the members of the IcrDIflbF family have been insufficiently analyzed to know whether they share common structural features. The flbF gene of Caulobacter crescentus possesses a o," promoter, which is in keeping with its hypothesized role in flagellar biogenesis (44, 48) . The promoter for the mxiA4 gene of Shigella flexeri appears to have a consensus o28 promoter sequence, but it has not been reported whether this sequence actually functions as the promoter (2) . The types of promoters used by the other members of the lcrD/flbF gene family have not been reported.
It is similarly difficult to make any conclusive statements about the actual function of the LcrD/FlbF proteins. It is not obvious, for example, how a member of the LcrD/ElbF family might play a regulatory role. These proteins do not share any known regulatory features: there are no DNAbinding motifs, there are no conserved consensus nucleotide-binding sites, and there are no similarities to the bacterial two-component regulatory systems (53) . Although Y pestis lcrD and Caulobacter crescentus flbF mutants have been shown to have decreased levels of transcription of several virulence-related genes or flagellar biogenesis-related genes, respectively, it is not clear whether these are direct or indirect effects of the mutations in lcrD orflbF. An alternative hypothesized role for these proteins is as a component of a specialized secretory pathway. Data in support of this idea are also limited, but lcrD mutants, for example, do not secrete several normally secreted virulence proteins, and, similarly, mxiA mutants seem to be impaired in the secretion of some proteins required for the invasion of epithelial cells (1) . A determination of the role of FlbA in flagellar biogenesis will clearly involve considerable additional investigation.
